Computational Analysis of Small GTPase Cycling: Extraction of Parameters and Inference of Pathways  by Falkenberg, Cibele V. & Loew, Leslie M.
302a Monday, February 27, 2012protrusions and cell migration. Previous research reports that activation of
EphA2 by its ligand ephrinA1 increases the activity of Phosphoinositide 3-ki-
nase (PI3K). PI3K is one of the key molecules in regulating cell migration by
phosphorylating Phosphatidylinositol (4,5)-bisphosphate (PI(4,5)P2) to Phos-
phatidylinositol (3,4,5)-trisphosphate (PI(3,4,5)P3) at the cell edge facing the
highest chemoattractant concentration.
Here, we recapitulate EphA2-EphrinA1 signaling between cells by presenting
breast cancer cells expressing EphA2 with an ephrinA1-displaying supported
lipid bilayer. Through live cell labeling of PI(4,5)P2 with the fluorescent
PLCd1-PH domain biosensor, we are able to directly monitor PI(4,5)P2 spatial
organization and its role in EphA2 signaling pathway. In addition, PI(4,5)P2
signaling and membrane localization are also examined with a spatial mutation
strategy, which presents diffusion barriers, disrupting EphA2-ephrinA1 spatial
organization. Our study will further clarify the role of PI(4,5)P2 and PI3K in the
EphA2 signaling pathway, and help to understand cancer cell progression and
metastasis in the long term.
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We have found that the spatial distribution and the remodeling dynamics of the
nanoclusters of outer leaflet glycosylphosphatidylinositol anchored proteins
(GPI-APs), is regulated by the activity of the underlying cortical acto-myosin
(CA).We have developed a theoretical framework to explain the mechanism
of this nanoclustering, based on active hydrodynamics of the CA and its cou-
pling to the membrane. This framework provides insights into the behavior
of molecules that interact with the dynamic CA, reflected in their cell surface
organization, dynamics and distribution. Here we discuss results from experi-
ments designed to test key assumptions of this theory and major predictions.
Using Fluorescence Correlation Spectroscopy (FCS) and single molecule imag-
ing (SM) we provide evidence for a key assumption, namely, a rapidly turning
over pool of short and dynamic F-actin based structures at or near the mem-
brane cortex. To test the predictions of CA acting as membrane organizing ma-
chinery, we study the cell-surface organization of a model transmembrane
(TM) connected to cytosolic actin binding domains (ABD), referred to as
TM-ABD. Our results obtained from steady state and time-resolved homo-
FRET measurements on TM-ABD indicate that CA-association can drive
actin-dependent nanoscale organization of these proteins. The theoretical
framework also predicts that cell-surface molecules which interact with this dy-
namic CA must exhibit anomalous density fluctuations which we are able to
confirm in a fluorescence based assay. In addition, using FCS, we explore
the temperature dependent diffusion characteristics of these molecules. These
studies provide a new paradigm for understanding molecular organization
and its spatiotemporal regulation on the plasma membrane.
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Changes in phosphoinositide concentrations ([PI]) in cell membranes constitute
important signaling events. Such changes are detected by proteins containing
PI binding domains like the pleckstrin homology (PH) domains, e.g. PI(4,5)P2
binding PLCd1-PH, or PH unrelated PI-binding domains, e.g. the PI(4,5)P2
binding tubby domain. These domains can be tagged with a fluorescent label,
thereby creating a tool for the detection of [PI] changes in living cells. Since
[PI] can change on a sub-second timescale, it is conceivable that the kinetics
of PI (un-)binding of these domains become a limiting factor in the detection
of such changes. Curiously, for PLCd1-PH conflicting data on these kinetics
have been reported, with dissociation time constants ranging from about 0.25 s
to nearly 3 s.
To investigate this problem, we used voltage sensing phosphatases (VSPs) to
rapidly deplete PI(4,5)P2 while monitoring the dissociation of GFP-tagged
PLCd1-PH and tubby domains from the plasma membrane using total internal
reflection microscopy (TIRF-M) imaging at 10 or 20 frames per second. These
experiments revealed rapid dissociation of both domains. If Xl-VSP1 was used,
the kinetics of PI(4,5)P2 break down were rate limiting for the observed disso-ciation. In contrast, PI(4,5)P2 break down by Ci-VSP was sufficiently rapid to
reveal differences in the time course of dissociation between both domains,
with observed time constants below 1 s.
In conclusion, we find the dissociation rates of PLCd1-PH and tubby domains
to be fast enough to faithfully track changes in [PI(4,5)P2] on a sub-second
timescale.
This work was supported by a research grant of the University Medical Center
Giessen and Marburg (UKGM 32/2011 MR) to C.R.H and by Deutsche For-
schungsgemeinschaft (SFB593 TP A12) to D.O.
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C1 domains are members of the Cys-rich domains superfamily, formed by
50-51 amino acid residues present in many types of proteins., as it is the
case of the classical and novel Protein Kinases C (PKCs). Both types of
PKCs, classical and novel isoenzymes, possess two C1 subdomains C1A
and C1B, although it is not totally clear why two modules are needed. C1
domains are known to interact with diacylglycerol and with exogenous
agents like phorbol esters. In this work we have characterized the affinity
to anionic phospholipids (1-palmitoyl-2-oleoyl-sn-glycero-3-phosphate
(POPA); 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-L-serine (POPS) and
1-palmitoyl-2-oleoyl-sn-glycero-3-phosphosphogycerol (POPG), 1,2-sn-dio-
leilglicerol (DOG) and phorbol 12-myristate-13-acetate (PMA) for C1B
from novel isoenzymes PKCε, PKCh, PKCd y PKCq and comparing them
with a C1B from a classical isoenzyme, namely PKCg. To carry out this
study the different C1B domains were expressed fused with eCFP in
HEK295 cells. Fluorescent constructs were obtained from cell lysates and
binding to lipid vesicles (LUV) labelled with Oregon Green was monitored
through FRET. Results show that binding is enhanced by increasing concen-
trations of anionic phospholipids in the vesicles but each isoenzyme shows
different affinities, so that C1Bg, C1Bε, C1Bh y C1Bq have a preference for
POPA whereas C1Bd prefers POPS. Results also show that C1Bε and C1Bh
have a higher binding affinity than any of the others C1B domains indepen-
dently of the lipid composition of LUV. When PMA was included in the
vesicles instead of DOG, the binding differences among the C1B domains
remarkably decreased and all domains showed an increased affinity for
vesicles.
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The Rho family of GTPases control actin organization during diverse cellular
responses (migration, cytokinesis and endocytosis). Although the primary
members of this family (RhoA, Rac and Cdc42) have different downstream
effects on actin remodeling, the basic mechanism involves targeting to the
plasma membrane and activation by GTP binding. Our hypothesis is that
the details of GTPase cycling between membrane and cytosol are key to
the differential upstream regulation of these biochemical switches. Accord-
ingly, we developed a computational modeling framework to analyze exper-
imental data for these systems. We show that experimental data for Rac
membrane cycling and activation in cultured cells is well reproduced by
a model where Rac dissociates from the membrane prior to binding to GDI;
this contrasts with the behavior of Cdc42. The analysis also reveals that the
lower apparent affinity of GDI for RacGTP compared to RacGDP can be fully
explained by the faster dissociation of the latter from the membrane. A direct
consequence is the increased membrane fraction of Rac upon increased GEF/
GAP ratio. Non-dimensional steady-state solutions for membrane fraction of
GTPases are presented in multidimensional charts. The charts are used to il-
lustrate the effects of GEFs/GAPs and regulated affinities between GTPases
and membrane and/or GDI on the amount of membrane bound GTPase.
This methodology, is then used to analyze glucose stimulated Rac cycling
in pancreatic b-cells. We find that the phosphorylation of GDI alone is not
sufficient to translocate Rac. The affinity between Rac and membranes
(plasma and granular) must also be increased upon glucose stimulus. In a sim-
ilar fashion, the charts can be used as a guide in assessing how specific mod-
ifications may compensate for altered GTPase-GDI balance in disease
scenarios.
(Supported by NIH grants TRO1DK087650, R01HL097431 and
P41RR013186).
